Abstract. The ground state geometries of 1,3-diphenyl-2-propene-1-one, 3-(3
Introduction
Chalcones are compounds of biological and industrial importance. They are currently the subject of extensive investigations and a wide range of their biological activities is being explored [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Chalcones are precursors to the flavonoids natural products, which play a significant role in the disease and parasite resistance of plants. In fact, there is interest in the use of chalcone derivatives for pharmaceutical agents including antibiotics, antitumor, antimicrobial, antifungal, antiinflammatory and antimalarial agents. Chalcones may exist in two forms trans -(s-cis)-1, 3-diphenyl-2-propene-1-one (a) and cis-(s-cis)-1, 3-diphenyl-2-propene-1-one (b):
Chalcone is quasiplanar and can undergo quite large amplitude torsional motion [15] . Cis -(s-cis) structure (b) is expected to be nonplanar because of steric hindrance between the carbonyl oxygen and a phenyl ring [16] .
The main objective of the present work is to investigate theoretically the electronic properties that underlie the activity of chalcones. Detailed investigation of the electronic structure is facilitated via the analysis of the charge density maps and the substituent effects on the geometry, energetic and relative stability of some chalcone derivatives.
Computational Procedure
AM1-MO semi-empirical quantum chemical method [17] has been used to calculate the theoretical electronic properties of the studied chalcones. Full geometry optimization of such large molecules would involve at least 110 degrees of freedom. This is computationally very expansive if one wants to utilize a reasonable basis set at the ab-initio level of the theory. Hence the use of the reliable semi-empirical AM1-MO method becomes essential since it takes a very good account of the directional character of bonding and describes the polar bond much more accurately than do any other methods.
Results and Discussion

a -Acrolein (CH 2 = CH -CHO)
Acrolein is a basic chromophore in the structure of chalcones, therefore, to study the electronic structure of chalcone derivatives, first, one studies the elec- tronic structure and the ground state properties of acrolein as a reference. Optimized geometry and ground state properties are presented in Fig. 1 & 2 . The charge density maps (HOMO and LUMO) are given in Fig. 1 . Among the values given in Fig. 2 several remarks can be considered: 1 -The bond lengths computed theoretically for acrolein are consistent with that for aldehyde (C = O, 1.23 Å) and ethylene (C = C, 1.33 Å) molecules, indicating that no interaction between two moieties C = O and C = C groups.
2 -The computed bond order for C = O, C 1 -C 3 and C 3 -C 4 (c.f. Fig. 2 ) indicates no conjugations between these bonds and most of charge density localized on these bonds.
3 -The computed net charges on different centers indicating that acrolein is highly polar compared with the σ-frame polarized opposite to the π-frame (c.f. Fig. 2, net charges) .
4 -The computed energy gap (∆E = E LUMO -E HOMO ) is 10.56 eV. The HOMO is of σ-type whereas, LUMO is of π-type.
b -Trans-(s-cis)-1,3-diphenyl-2-propen-1-one (I)
Final geometry, numbering system, HOMO and LUMO charge density maps are presented in Fig. 3 . Ground state properties and geometric parameters are presented in Tables 1-3 . Among the values given in these tables, some general remarks ought to be made: 1 -Replacement of the two hydrogen atoms (5&7) of acrolein by two phenyl groups (I) has a significant effect on the geometry of the acrolein moiety. The r C=C , r C=O , r C1-C6 and r C3 -C5 , get longer. One can understand the elongation of these bonds as a result of the involvement of the two phenolic groups in a competitive conjugative interaction with the acrolein moiety, which results in a weakening of these bonds, and a consequent elongation is observed (c.f. Table 3) .
2 -The involvement of the two phenyl groups in a competitive interaction with acrolein appears also with increase of negative charge on O, C 3 and C 4 atoms with a decrease of the bond order of C = O by 0.07 e and for C = C by 0.09 e.
3 -The two phenyl groups destabilize the HOMO and stabilize the LUMO of (I) and hence the energy gap of (I) decreases by 0.539 eV (≈ 13 kcal). As the energy gap decreases, the reactivity of compound gets larger.
4 -The dipole moment computed for acrolein is 3.069 D. Phenyl substitution as in (I) decreases the dipole moment by 0.21 D. The decrease of dipole moment of (I) can be explained by the charge transfer in the opposite direction of the dipole moment vector of acrolein.
5 -The HOMO of (I) is π-type consisting of 62% on Ar, 3% on Ar -and 35% on acrolein moiety. The LUMO is also π-type consisting of 53% on acrolein moiety, i.e. about 20% of the charge transferred from phenyl moiety to acrolein. The reason why acrolein moiety, groups and atoms become the active centers for chalcone derivatives.
c-3-(3 --tolyl)-1-phenyl-2-propene-1-one (II)
Final geometry, HOMO and LUMO charge density maps are presented in Fig. 4 . Ground state properties and geometric parameters are presented in Tables 1-3. Some general remarks ought to be made: 1 -If one H-atom of the phenyl attached to the ethylenic group is replaced by a methyl group as in (II), no change in the geometry of (I) is observed.
2 -The only traceable change in the geometry is the alteration of the bond angles. The observed alteration of the bond angles is associated with special rearrangement of the nuclear frame to minimize the steric hindrance caused by the bulky tolyl group.
3 -The ionization potential (IP) estimated theoretically for (II) is less than the IP of (I). Hence, the methyl substitution destabilizes the HOMO and decreases and energy gap of (II). Therefore, the reactivity of (II) is expected to be greater than (I).
4 -The computed dipole moment for (II) is 2.780 D, which is less than (I) by 0.08 D. Again, the methyl substitution increases the amount of charge transferred in the opposite direction of the dipole moment vector of acrolein moiety. 5 -The HOMO and LUMO of (II) both are of π-type. Methyl substitution increases the amount of charge transferred from aryl moiety to acrolein moiety.
d-3-(4 --bromophenyl)-1-(4 --methoxyphenyl)-2-propene-1-one (III)
One H-atom in phenyl attached to C = C group is replaced by Br and Hatom of phenyl attached to C = O group by OCH 3 in (I) to give (III). Final geometry, charge density maps and geometric parameters are given in Tables 1-3 and Fig. 5 . The following remarks are considered:
1 -The dipole moment computed for (III) is greater than that of (I) by 0.6 D. The high polarization of the σ-frame seems to be responsible for the higher value of the dipole moment.
2 -Elongation of the C = C and C = O groups of acrolein is due to the increase of bond order of these bonds.
3 -Compound (III) becomes more polar due to the substituents (Br and OCH 3 ) as indicated from the net charge on acrolein moiety (atoms and bonds).
4 -Dramatic change in bond angles of (III) to accommodate the steric hindrance of the two bulky groups Br and OCH 3 .
5 -Substitution of Br and OCH 3 destabilizes the HOMO of (III) and stabilizes LUMO. Hence, the energy gap of (III) is less than that of (I) by ≈ 0.3 eV and consequently the reactivity of (III) is greater than (I).
e -3-(3 -,4 --methylenedioxyphenyl)-1-(4 --methoxyphenyl)-2-propene-1-one (IV)
Replacement of p-Br in the ring attached to C = C group in (III) by phenyl dioxy methylene leads to (IV). Final geometry, charge density maps and geometric parameters are given in Fig. 6 and Tables 1-3 . One can observe the following:
1 -The computed dipole moment of (IV) is greater than that of (III) by ≈ 0.6 D. The high polarization of the σ-frame of (IV) and the amount of the charge transferred in the same direction of the dipole moment vector of the acrolein moiety seem to be responsible for the high value of the dipole moment.
2 -The introduction of phenyl dioxy methylene moiety destabilizes the HOMO and stabilizes the LUMO and hence the energy gap decreases by about 0.2 eV than (III). Therefore, the reactivity of (IV) is greater than (III).
3 -The p-OCH 3 phenyl moiety is twisted out of the molecular plane (acrolein by an angle 172º. This is expected due to the steric hindrance of OCH 3 group and the polarity of the phenyl dioxy methylene with acrolein.
4 -Polarization of (IV) is greater than (III) as indicated from the net charge observed on C = C and C = O groups of acrolein moiety. 
f -3-(3 -,4 --methylenedioxy phenyl)-1-(4 --bromophenyl)-2-propene-1-one (V)
Replacement of OCH 3 group of (IV) by Br gives (V). Final geometry, charge density maps and the geometric parameters are given in Tables 1-3 and Fig. 7 . The following can be considered:
1 -Increase of C 1 -C 6 and C 3 -C 5 bond lengths connected to Br-phenyl and phenyl dioxymethylene to acrolein. The increase of bond length is due to the involvement of two phenyl moieties in a competitive interaction with acrolein moiety.
2 -p-Br phenyl ring is twisted out of the molecular plane by an angle 15.6º whereas, dioxymethylene phenyl is still coplanar with acrolein moiety.
3 -The polarity of compound (V) is higher than (IV) as indicated from the net charge located on the different centers of acrolein moiety. 4 -Dramatic change can be observed in (V) over all derivatives, which is the decrease in the computed dipole moment. The computed dipole moment of (V) is 2.55 D. The decrease in dipole moment can be explained as a result of the increase of charge transferred from the two phenyl moieties in opposite direction of the dipole moment vector of acrolein moiety.
